The immunoactivity was evaluated of Dendrobium officinale Kimura & Migo, a Chinese herbal plant, and its crude polysaccharides. Different dosages of D. officinale and its polysaccharides were orally administered to healthy BALB/c mice. The control group was given distilled water. After 4 weeks, immune parameters, including cellular immunity (delayed-type hypersensitivity and natural killer cell activity), humoral immunity (serum hemolytic complement activity), nonspecific immunity (peritoneal macrophage phagocytosis) and interferon-γ production by splenocytes were measured. The results showed that D. officinale and its polysaccharides can significantly enhance cellular immunity and nonspecific immunity in mice. Humoral immunity was also enhanced after oral administration of D. officinale, but the polysaccharides had no influence. Both D. officinale and its polysaccharides markedly increased IFN-γ production by murine splenocytes. Six fractions were isolated from the polysaccharides; the molecular weight of the major fraction was 533,700 Da, and composed of mannose, glucose and rhamnose in a molar ratio of 7.3:1.3:1.0.
Many botanical materials have been used as traditional Chinese medicines for centuries and are now attracting increasing attention, in which some are reported to have antitumor, antioxidant, and immunostimulating activities, such as ginseng [1] and Ganoderma lucidum [2] . Dendrobium officinale (Orchidaceae), listed as one of the most precious traditional Chinese medicines in Shen Nong Ben Cao Jing, is used as a tonic to reinforce body fluid, prolong lifespan and improve the immune system. The main functional part of D. officinale is its stem, which, after being processed, is called tie pi feng dou.
Although D. officinale has been used for thousands of years to improve the quality of life, research on the bioactivity and pharmacology of its basic constituents is scarce. Many botanical polysaccharides are reported to exhibit immunostimulating activity [3, 4] . In in vitro experiments, polysaccharides from D. nobile were reported to increase significantly spleen T-and B-lymphocyte proliferation [5] . In addition, D. huoshanense was observed to induce the production of immunomodulating cytokines such as tumor necrosis factor (TNF)-α, interferon (IFN)-γ [6] , interleukin (IL)-10, IL-6, and IL-1α [7] . However, until now, no investigation has been carried out on the bioactivity of either D. officinale or its constituents. Considering the immunoactivity of other Dendrobium species and their polysaccharides, we speculated that D. officinale may have immunostimulating activities and that D. officinale polysaccharides (DOP) might be one group of the bioactive constituents.
In this paper, the effects of D. officinale and DOP on the in vivo cellular immunity [including delayed-type hypersensitivity (DTH) and natural killer (NK) cell activity], humoral immunity (serum hemolytic complement activity), nonspecific immunity (peritoneal macrophage phagocytosis) and IFN-γ production by splenocytes of healthy BALB/c mice were evaluated. Also, the molecular weight and monosaccharide composition of the major fraction of DOP was identified.
One of the most characteristic of the DTH phenomena is contact hypersensitivity, in which a hapten reacts covalently with proteins to form an antigen-protein complex that is a target for T lymphocytes [8] . T cells are immune response mediators and DTH reflects the activity Owing to their early production of cytokines and chemokines and their ability to lyse target cells without prior sensitization, NK cells are crucial components of the innate immune system [9] . In the two DOP groups and the mid-and high-dose D. officinale groups, NK cell activity was significantly higher than in the control group ( Figure  2 ). Both DTH responses and NK cell activity reflect the level of cellular immunity, and similar trends were observed for these parameters.
IFN-γ, which can induce an antiviral state and plays an important role in immunoregulation and cytotoxic responses, is produced by activated T cells, NK cells and B cells [10] . The IFN-γ content of splenic cell supernatants from mice was measured ( Figure 3 ). The mid-and highdosages of D. officinale and the two DOP doses increased IFN-γ levels significantly compared with the control, whereas the low D. officinale dose had no effect. These results are in agreement with the trends for DTH response and NK cell activity. Zha et al. [6] observed that polysaccharides from D. huoshanense significantly stimulated IFN-γ release in murine splenocyte supernatants in vitro, similar to the results here. In the complex human host defense system, macrophages represent the first line of defense after the epithelial barrier [11] . IFN-γ is a major macrophage-activating factor capable of inducing macrophages to kill nonspecifically a variety of tumor targets [12] . In the present study, the phagocytosis rates in all groups receiving D. officinale and DOP were significantly higher than in the control group (Figure 4) . It is possible that the increase in macrophage phagocytosis was related to the enhanced IFN-γ production.
Immunization with SRBCs induced the production of specific anti-SRBC antibodies in serum, leading to a cytolytic response against SRBC. Serum hemolysin levels reflect the level of humoral immune functions. As is shown in Figure 5 , compared with the control group, all three D. officinale doses significantly increased serum hemolysin, with no significant differences among them, whereas DOP had no notable influence. Doses of 100 and 300 mg/kg BW of crude polysaccharides from Ficus carica fruit used by Yang et al. [13] had no effect on
D. officinale and its polysaccharides enhance immune functions
Natural Product Communications Vol. 6 (6) 2011 869 humoral immunity in mice, but a higher dose (500 mg/kg BW) enhanced humoral immunity, indicating that a suitable dose is required to stimulate humoral immunity. Possibly the doses we used were not sufficient.
We used D. officinale doses of 50, 100 and 200 mg/kg BW based on the recommended human dose in the Chinese Pharmacopoeia. The total carbohydrate content as measured by phenol-sulfuric acid assay [14] was 28.7% in D. officinale used in this study. Thus, for consistency with the D. officinale dose, we set the high DOP dose to 12.5 mg/kg BW. In our tests, the effects of DOP on immune functions were similar to or greater than those of D. officinale, which indicates that DOP might be one of the main immunostimulating constituents in D. officinale. However, there were no significant differences between the two DOP groups, so more work is needed to identify the optimal DOP dose.
Six fractions were isolated from DOP, in which DOP-1 weighted 88.6% of the total. Multi-angle laser light scattering (MALLS) analysis showed that the molecular weight (Mw) of DOP-1 was 533,700 Da. Monosaccharide analysis showed that it was composed of mannose, glucose and rhamnose in a molar ratio of 7.3:1.3:1.0.
In conclusion, oral administration of D. officinale and DOP enhanced both natural and acquired immunity in mice. This was demonstrated by significant increases in markers of cellular immunity, humoral immunity and nonspecific immunity.
Experimental
Preparation of D. officinale and its crude polysaccharides: Cultivated D. officinale Kimura & Migo stems were provided by Mantanghua Biotechnology Company (Zhejiang, China). The raw material was crushed into powder after being dried in an oven at 60°C. DOP was extracted as previously described [15] . In brief, D. officinale powder was extracted successively with light petroleum and 80% ethanol, and then with distilled water at 80°C for 1 h thrice (all at a ratio of 1:40, w/v). The water extracts were combined, filtered, concentrated, deproteinized [16] and then precipitated by addition of 4 volumes of ethanol. The precipitate was collected by centrifugation and then dissolved in distilled water and lyophilized to obtain the crude polysaccharides. The total carbohydrate content of DOP, as measured by phenolsulfuric acid assay [14] , was 89.8%.
Animals and treatments:
Six to eight weeks old Specificpathogen-free female BALB/c mice (Vital River Lab Animal Technology, Beijing, China) were maintained in a temperature-controlled environment (222°C) with a 12 h light/dark cycle and with free access to water and standard rodent chow throughout the experiment. Mice were randomly assigned to 6 groups. D. officinale powder was heated in distilled water at 80°C for 1 h to make a slurry, which was intragastrically administered to mice at doses of 50, 100 and 200 mg/kg BW. DOP was dissolved in distilled water and intragastrically administered at doses of 5 and 12.5 mg/kg BW. The negative control group received distilled water. Samples were given for 28 consecutive days.
Delayed-type hypersensitivity reaction: DTH reactions were tested using the method of Lagrange et al. [17] .
Serum hemolysin:
Blood from SRBC-immunized mice was collected by ocular extirpation. After clotting at room temperature for 3 h, serum was separated by centrifugation and then stored at −20°C. Serum hemolysin was analyzed using the method of Wen et al. [18] .
Macrophage phagocytosis: After blood collection, mice were euthanized by cervical dislocation. Macrophages were aseptically prepared by peritoneal lavage with 4 mL of Hank's solution containing 20% (v/v) fetal calf serum (PAA, Linz, Austria). The macrophage phagocytosis ratio was assessed using the method of Yang et al. [19] .
Natural killer (NK) cell activity: NK cell cytotoxicity was assayed using the method of Yang et al. [19] IFN-γ production by murine splenocytes: Spleen cells remaining after NK activity test were diluted to 210 6 cells/mL, then 1 mL of this suspension and 1 mL of RPMI-1640 medium were added to the wells of a 48-well plate in the presence of ConA (5 µg/mL). After culture at 37°C for 36 h, the supernatants were collected and IFN-γ level was measured using a sandwich ELISA method (Jingmei Co., Shenzhen, China) according to the manufacturer's instructions. DOP-5 and DOP-6, in which DOP-1 was maximal, so was chosen for further research. DOP-1 was then further purified using a column (600×16 mm) of sephacryl S-400 and a single peak was obtained and collected.
Determination of molecular weight and monosaccharide of DOP-1: The molecular weight of DOP-1 was determined using the method of Goh et al. [20] . A gel filtration chromatography (GFC) column (SB-805 HQ, Shodex, Japan) was coupled to a high-performance liquid chromatography (HPLC) system, which consisted of a HPLC pump (LC-20AD, Shimadzu, Japan), a multi-angle laser light scattering (MALLS) detector (DAWN HELEOS-II, Wyatt Technology, USA), and a refractive index (RI) detector (Optilab rex, Wyatt Technology, USA). NaCl (0.1 M) was used as mobile phase and the operating flow rate was 0.5 mL/min. A sample of DOP-1 was filtered through a 0.45 µm nylon membrane filter and the injection volume was 200 µL. Light scattering data from MALLS were processed with ASTRA software (version 5.1.5.3), (Wyatt Technology, U.S.A).
Analysis of monosaccharide composition was performed According to the method of Luo et al [15] .
Statistical analysis:
Results are expressed as means ± SDs. Data were analyzed using the one-way analysis of variance test procedure included in the SPSS version 13.0 software. Statistical significance was set to P<0.05.
